Bacterial DNA replication involves as intermediates structures with single-stranded regions at the growing point (1-3). Newly synthesized, pulse-labeled DNA that behaves on hydroxyapatite and/or nitrocellulose as though it contained single-stranded regions has also been observed in mammalian cells (4-8). Chromatography on benzoylated, naphthoylated DEAE-cellulose permits the separation of such single-strandcontaining intermediates in DNA synthesis that accumulate after treatment with the monofunctional alkylating agent, methyl methanesulfonate (MMS, ref. 9). We report here the isolation from HEp. 2 cells incubated with BrdU of a fraction of newly synthesized DNA whose banding characteristics in CsCl gradients and response to incubation with a singlestrand-specific nuclease indicate that it contains singlestranded regions in both parental and newly synthesized DNA. Treatment of cells with MMS at concentrations that inhibit DNA synthesis increases the proportion of pulselabeled material appearing in this fraction. We propose that the fraction collected at a density of 1.715 g/cm8 in CsCl is enriched for normal intermediates in DNA synthesis and that alkylation-induced lesions have the effect of immobilizing and accumulating a replicating structure. into BrdU-FdU medium to a concentration of 10 mM. Cells were harvested as described (11).
Bacterial DNA replication involves as intermediates structures with single-stranded regions at the growing point (1) (2) (3) . Newly synthesized, pulse-labeled DNA that behaves on hydroxyapatite and/or nitrocellulose as though it contained single-stranded regions has also been observed in mammalian cells (4) (5) (6) (7) (8) . Chromatography on benzoylated, naphthoylated DEAE-cellulose permits the separation of such single-strandcontaining intermediates in DNA synthesis that accumulate after treatment with the monofunctional alkylating agent, methyl methanesulfonate (MMS, ref. 9) . We report here the isolation from HEp. 2 cells incubated with BrdU of a fraction of newly synthesized DNA whose banding characteristics in CsCl gradients and response to incubation with a singlestrand-specific nuclease indicate that it contains singlestranded regions in both parental and newly synthesized DNA. Treatment of cells with MMS at concentrations that inhibit DNA synthesis increases the proportion of pulselabeled material appearing in this fraction. We propose that the fraction collected at a density of 1.715 g/cm8 in CsCl is enriched for normal intermediates in DNA synthesis and that alkylation-induced lesions have the effect of immobilizing and accumulating a replicating structure.
MATERIALS AND METHODS
Cells. HEp. 2 cells (10) were cultured in monolayers as reported (11) . Our cultures have a median chromosome number of 74 and a doubling time of 22-24 hr. BrdU does slow the rate of growth, but all of the cellular DNA is found at the hybrid density (1.755 g/cm3) within 48 hr from the start of incubation in the presence of halogenated pyrimidine. into BrdU-FdU medium to a concentration of 10 mM. Cells were harvested as described (11) .
DNA Extraction. Cells were harvested and washed in phosphate-buffered saline (11) , washed in 0.15 M NaCl + 0.015 M sodium citrate, and resuspended in saline-citrate at approximately 4.0 X 106/ml. Single-stranded, newly synthesized DNA is preferentially adsorbed to the interface of organic solvent extractions (13, 14) . Our preparations must, therefore, be done at high cell density (15) , which makes it possible to avoid the losses in recovery reported by Hanawalt and Ray (16) . Sodium dodecyl sulfate was added to 0.2%, and extraction-was carried out as reported (11) .
CsCl Density Centrifugation. DNA (30-60 gg), sheared by passage three times through a 22-gauge needle, was centrifuged though a CsCl gradient that was collected and processed as described (11) . Alkaline Nitrocellulose Adsorption. DNA from CsCl gradients was either precipitated and filtered as described (11) , or filtered without precipitation through presoaked nitrocellulose filters (Millipore), washed with 10 ml of 0.5 M KCl-0.01 M TrisHCl, pH 7.3. After addition of sample, each filter was washed with 25 ml of this buffer before it was dried and counted.
Sucrose Gradient Sedimentation. DNA (0.5 ml) in glycine buffer was layered on a 5-ml, 5-20% (w/v) neutral sucrose gradient containing 1 (19) . Newly synthesized DNA in the intermediate density portion of the gradient was, in fact, completely retained on nitrocellulose filters without precipitation, whereas the remainder of the DNA was largely washed through. Parental DNA, prelabeled with ['4C]dT, also adhered preferentially to nitrocellulose in the intermediate region of the density gradient (Fig. 4) . Furthermore, if the DNAint structure is not an artifact produced by incorporation of the halogenated pyrimidine, a corresponding molecular species should be identifiable in DNA from cells incubated in analog-free medium. When the nitrocellulose filtration technique was applied to unsubstituted [3H]dT pulse-labeled DNA, the unprecipitated 'H was adsorbed to the filter in a skewed fashion with a peak near 1.710 g/cm', whereas the precipitated radioactivity coincided with the peak of absorbancy.
We have analyzed the molecular size of the DNAmt fragments before and after treatment with nuclease by sedimentation through sucrose gradients. The sedimentation profile of hybrid DNA was hardly changed by nuclease treatment, but the DNAint fraction behaved as though a substantial amount of material had been digested away (Fig. 5) . Molecules sedimenting near the bottom of the gradient before nuclease treatment were lost upon digestion and an increase in counts was observed in the more slowly sedimenting region. We are unable to calculate the size of a molecule made up of singleand double-stranded regions from these data, but after nuclease digestion the material from both intermediate and hybrid density regions sedimentated at an s20 of about 28, corresponding to a molecular weight of 1.7 X 107 for a native DNA molecule.
Some idea of the relative amount of BrdU substitution in DNAint can be obtained by variation of the BrdU: dT ratio in the incubation mixture. If the density of DNAit is primarily determined by its content of single-stranded and unsubstituted parental native regions, then the per cent substitution with BrdU should have little effect on its banding position. In contrast, the density of hybrid DNA should be sensitive to such changes. As expected, the hybrid peak does become progressively less dense as the BrdU: dT ratio decreases in the labeling mixture. At a BrdU: dT ratio of 53: 1, the hybrid position is 1.755 g/cm'; at 3:1 it is 1.750; and at 1:1 it moves to 1.740. DNA int, however, maintains its position at about 1.715 g/cm'. This insensitivity of DNAint to the proportion of BrdU indicates that its density is primarily determined by both native and single-stranded parental DNA.
DISCUSSION
Our results are best interpreted in terms of the Okazaki hypothesis (20) (9) . It does seem necessary to postulate some special mechanism that will yield fragments of a particular density rather than the distribution of densities between hybrid and light expected from random shearing around transition points. It has been suggested (28) that there may be definite break points, or nuclease susceptible points, in the parental DNA that would account for specific fragmentation, but the molecular basis for such susceptibility is completely unknown.
